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66Open repair of adult aortic coarctation mostly by a
resection and graft replacement technique
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Background: We report on our experience with treatment of adults requiring de novo or redo open aortic coarctation
repair mostly by a resection and interposition graft technique.
Methods: We retrospectively reviewed all patients older than 16 years requiring open repair of aortic coarctation.
Indications for repair, operative details, and outcomes were analyzed.
Results: Between 1996 and 2011, we treated 29 adult aortic coarctation patients with open repair. The mean age was 42 years
(range, 17-69 years), and there were 15 men. Nine patients had previous repair with recurrence; the remaining 20 had native
coarctation. Thoracic aortic aneurysms were present in 22 patients (76%), ranging in size from 3.0 to 9.6 cm (mean, 4.8 cm).
Four patients had intercostal artery aneurysms (range, 1.0-2.5 cm), four had left subclavian artery aneurysms, and four had
ascending/arch aneurysms. The most common repair was resection of aortic coarctation with interposition graft replacement
(93%).Twopatientswithout aneurysmhadbypasses from the proximal descending thoracic aorta to the infrarenal aortawithout
aortic resection. There was no in-hospital mortality, stroke, or paraplegia. Long-term survival was 89% during amedian follow-
up of 81 months (interquartile range, 47-118 months), with no patient requiring reoperation on the repaired segment.
Conclusions: Open repair of native and recurrent adult aortic coarctation has acceptable morbidity and low mortality.
Especially in patients with concomitant aneurysm, resection with interposition graft replacement provides a safe and
durable repair option. (J Vasc Surg 2015;61:66-72.)Adult coarctation of the aorta (CoA) is a congenital
anomaly commonly diagnosed in infancy. CoA occurs in
approximately 1 in 2500 live births and represents 4% to
5% of all congenital heart defects.1 It is deﬁned as a
discrete aortic narrowing with or without associated post-
stenotic aneurysm. CoA usually occurs in the proximal
descending thoracic aorta at the aortic isthmus and is
associated with other cardiovascular anomalies, including
bicuspid aortic valve. Unrepaired patients suffer from
hypertension, heart failure, and aortic aneurysm and are
at risk for early mortality, usually in the third or fourth
decade.2 Open surgery is the usual method of repair in
children, but many authors report success with balloon
angioplasty with or without stenting.3-6 Recurrence
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recurrent cases can often be treated percutaneously.
As adults, patients require CoA repair in cases of aneurysm
and recurrent stenosis and when the diagnosis was missed in
childhood. As with infantile CoA, repair options include endo-
vascular and open surgery. Endovascular techniques and extra-
anatomic open repairs have the advantage of avoiding dissec-
tion around the extensive collateral blood supply. One disad-
vantage is shorter durability compared with in situ open
repair.8 We prefer open repair, especially in the young and
when the coarctation is associated with aneurysm. Many pa-
tients are poor endovascular candidates because of anatomy
and proximity to major branch arteries, such as the left com-
mon carotid artery. For in situ repairs in adolescents and adults,
resection and interposition graft (RIPG) repair allows use of
adjunctive techniques, such as distal aortic perfusion and deep
hypothermic circulatory arrest (DHCA), to protect organs
from ischemic consequences during aortic clamping. Our hy-
pothesis is that open surgerymostly by RIPG for CoA in adults
offers durable long-term results without excess morbidity and
mortality, even in patients requiring complicated repairs.
METHODS
The Committee for the Protection of Human Subjects,
the local institutional research ethics committee, approved
this study with a waiver of informed consent. A prospec-
tively maintained aortic database was retrospectively
queried for cases of adult CoA from 1996 to 2011. We
deﬁned adult as older than 16 years. The indications for
repair included native CoA, restenosis, or pseudoaneurysm
Fig 1. Intraoperative image of prominent intercostal arteries sur-
rounding aortic coarctation segment.
Fig 2. Dissection and transection of the aorta below the diseased
aortic segment.
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open repair in childhood. Patient comorbidities, presenting
signs and symptoms, operative repairs, and postoperative
complications were collected.
Aneurysm was deﬁned as 150% of reference artery
diameter. Discharge records and physical therapy notes
were assessed for functional status at the time of discharge.
Postoperative acute kidney insufﬁciency was deﬁned ac-
cording to RIFLE (Risk, Injury, Failure, Loss, End-stage
renal disease) criteria. Our standard surveillance protocol
after open thoracic or thoracoabdominal aortic repair is
annual computed tomography or magnetic resonance im-
aging for the ﬁrst 3 years, then once every 3 years there-
after. Ofﬁce records were augmented with the Social
Security Death Index for survival data.
The decision to offer endovascular vs open repair for
adult CoA is based on anatomy, patient preference, age,
and presence of aneurysm. Before 1996, we frequently
used the clamp-and-sew technique without distal aortic
perfusion or spinal neuromonitoring. Since 1996, our pro-
tocol for adult CoA of the distal arch and descending
thoracic aorta involves insertion of cerebrospinal ﬂuid
(CSF) drain, distal aortic perfusion, and moderate passive
hypothermia. We monitor spinal activity with somatosen-
sory and motor evoked potentials when available.
We place the patient in the right lateral decubitus posi-
tion. A left thoracotomy incision is made in the ﬁfth inter-
costal space for exposure of the proximal descending
thoracic aorta. Intercostal collaterals surrounding the
coarctation are prominent (Fig 1), and we ligate the inter-
costal arteries at the distal clamp site ﬁrst. Distal aortic
perfusion is established with the left inferior pulmonary
vein for inﬂow and the left common femoral artery for
outﬂow. Intravenous anticoagulation is with 1 mg/kg of
sodium heparin. A heat exchanger is connected to the cen-
trifugal pump for the partial bypass circuit. We ﬁrst apply
two clamps to the aorta below the diseased segment, usu-
ally at the level of T6-7, and start atriofemoral bypass. Be-
tween the aortic clamps, we transect the aorta (Fig 2). We
ligate intercostal arteries proximally to include the diseased
segment. We do not routinely reimplant intercostal arteries
above T8. We dissect proximally to the distal aortic arch
opposite the left subclavian artery. We clamp the left sub-
clavian artery and the aorta just distal to the left common
carotid artery. We completely excise the diseased coarcta-
tion segment (Fig 3). We select a Dacron tube graft, and
the proximal anastomosis is performed with a 3-0 running
polypropylene suture. After completion of the distal anas-
tomosis with 3-0 or 4-0 polypropylene suture, the clamps
are released, and distal aortic perfusion is stopped.
More recently, however, we use a side-arm graft
attached to the distal anastomosis for arterial outﬂow for
distal aortic perfusion. This obviates the need for femoral
artery dissection. When the “distal-ﬁrst” approach is
used, we place the inﬂow cannula in the left inferior pulmo-
nary vein as usual. We transect the aorta below the diseased
segment and perform the distal anastomosis with a Dacron
tube graft with side arm (Fig 4). Distal aortic perfusion isbegun with the outﬂow cannula attached to the side arm
of the tube graft (Fig 5). After en bloc resection of the
diseased aortic segment, we complete the proximal anasto-
mosis (Fig 6) and remove the clamps.
After returnof antegradeﬂowandcessationof distal aortic
perfusion, we decannulate and reverse anticoagulation. We
place 32F chest tubes and close the chest in standard fashion.
The CSF drain is left in place and clamped before removal on
the second or third postoperative day. The patient is kept in
the intensive care unit until the CSF drain is removed.
For patients with aortic valve disease and aneurysm of
the ascending aorta or proximal arch, we consider repair
by median sternotomy with DHCA. If there is no aneu-
rysm, patients with coarctation in the distal descending
thoracic or proximal abdominal aorta (middle aortic syn-
drome) are repaired with bypass grafts from the thoracic
aorta to the distal abdominal aorta.
Fig 3. Image of resected aortic coarctation segment. Fig 4. Schematic image of “distal-ﬁrst” anastomosis.
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We identiﬁed 29 patients who had open repair for de
novo (n ¼ 20) or recurrent (n ¼ 9) adult CoA (Table I).
There were 15 (52%) men and 14 (48%) women, with a
mean age of 42 years (range, 17-69 years). Nine (31%)
had recurrent stenosis or aneurysm after treatment as a
child; the remaining had native CoA diagnosed during
adulthood. Ten patients were asymptomatic and the CoA
was incidentally discovered during surveillance after previ-
ous repair (four patients), workup for cardiac murmur
(one patient), decreased femoral pulse examination (one
patient), or hypertension (one patient). The most common
symptom was atypical chest pain in 12 patients (41%), fol-
lowed by shortness of breath in nine (31%) and leg claudi-
cation in nine (31%). Upper body hypertension was present
in 26 patients (90%). Other comorbid conditions included
bicuspid aortic valve in 14 (48%) and preoperative renal
dysfunction in four (14%).
Thoracic aortic aneurysms were noted in 22 (76%) pa-
tients (mean maximum diameter, 4.8 cm; range, 3.0-
9.6 cm). Other aneurysms included intercostal arteries
(maximum diameter range, 1.0-2.5 cm) in four patients
and left common carotid and subclavian arteries in three pa-
tients. In addition, one patient had aortic, innominate, and
aberrant right subclavian artery aneurysms. Four patients
also had aneurysms of the ascending aorta or aortic arch.
The CoA was noted near the ductus arteriosus in most
patients (90%), with 38% in the aortic arch proximal to theleft subclavian artery and 52% distal to it in the proximal
descending thoracic aorta. Operative data and outcomes
are shown in Table II. Most patients (93%) had RIPG
replacement of the diseased aortic segment. Distal aortic
perfusion was used in 23 patients, 18 with atriofemoral
bypass and ﬁve with distal-ﬁrst technique. Three patients
with involvement of the ascending aorta and arch and aortic
valve disease had coarctation repair by median sternotomy
and DHCA with concomitant aortic valve replacement.
One patient had repair of the aortic arch by left thoracot-
omy. Two patients without aneurysm had proximal abdom-
inal CoA and received thoracic aortic to distal abdominal
aortic bypass without coarctation resection. Another patient
had robotic-assisted resection and graft replacement with
mini-thoracotomy. The mean hospital length of stay was
12 days, and the median intensive care unit stay was 3 days.
There were six cases of postoperative acute kidney
insufﬁciency, with one patient requiring new dialysis. This
patient had preoperative stage 3 renal insufﬁciency with
baseline estimated glomerular ﬁltration rate of 41 mL/
min per 1.73 m2. The remaining patients recovered kidney
function. Twelve patients had respiratory failure requiring
mechanical ventilation for more than 24 hours. All patients
eventually recovered, but one required tracheostomy.
Three patients had chylothorax, which resolved with
nonoperative therapy including bowel rest and parenteral
nutrition. One patient had recurrent laryngeal nerve paral-
ysis that was treated with vocal cord silicone injection.
Fig 5. Schematic image of distal aortic perfusion through left
inferior pulmonary vein and a side-arm graft to the distal aortic
anastomosis.
Fig 6. Creation of the proximal anastomosis.
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despite seven patients experiencing intraoperative neuro-
monitoring changes. All patients who had intraoperative
neuromonitoring changes had normalization of somato-
sensory and motor evoked potentials after increasing
mean arterial pressure and free CSF drainage. No patient
required intercostal artery reimplantation. There were no
in-hospital deaths or strokes. Most patients had excellent
functional recovery after surgery, and 96% were discharged
to home. One patient required home physical therapy. One
other 67-year-old patient with end-stage renal disease was
debilitated preoperatively and was discharged to a long-
term care facility.
Mean follow-up duration was 7.5 years (median,
81.0 months; interquartile range, 46.9-118.4 months).
Three patients died during the follow-up period. One pa-
tient, our oldest at 69 years, suffered multiple infections
during the follow-up period, including urinary tract infec-
tion and pneumonia. She was readmitted 3 years after
aortic repair with probable aortic graft infection but
declined graft excision because of overall poor health.
The patient eventually died of complications of sepsis.
Long-term survival was 89% (standard error, 0.058; 95%
conﬁdence interval, 0.04-0.29) during the follow-up
period of 16.8 years (Fig 7).
No patient had symptomatic aortic restenosis or pseu-
doaneurysm formation on follow-up. Three patients
required aortic reintervention not involving the CoA
repair. One 26-year-old woman with Turner syndrome
had ruptured acute type A aortic dissection 20 months after
CoA repair with cardiac arrest and severe anoxic braininjury. She survived repair and initial hospitalization but
died shortly after transfer to a long-term care facility.
A 52-year-old woman had severe bicuspid aortic valve
insufﬁciency, ascending aortic aneurysm of 4.0 cm, pseudoa-
neurysm at the proximal anastomosis of a previous adoles-
cent CoA repair, and 6.9-cm descending thoracic aortic
aneurysm. She had an intentionally staged procedure
involving aortic valve replacement, resection of pseudoa-
neurysm of previous CoA repair, and replacement of
ascending and aortic arch with elephant trunk. Two months
later, she returned for second-stage elephant trunk repair of
her descending thoracic aortic aneurysm. Another patient
with bicuspid aortic valve, severe aortic valve stenosis, and
aneurysm of the ascending aorta and arch with CoA in the
proximal descending thoracic aorta had aortic valve replace-
ment and proximal aortic replacement by median sternot-
omy and DHCA. Six years later, he developed enlarging
aneurysm of the remaining native distal descending thoracic
aorta and underwent open repair by left thoracotomy.
DISCUSSION
Even though it is classically considered a disease of in-
fancy and is usually repaired before the person reaches
school age,9 CoA is also seen in the adult population as
either delayed diagnosis or restenosis of cases treated in
childhood. The mechanisms of restenosis involve failure
of growth at the anastomosis or short subclavian ﬂap aorto-
plasty. Delayed symptoms may be due to collateral devel-
opment in the postnatal period that maintains adequate
Table I. Patient demographics and preoperative
characteristics
Characteristic
No. (%) or
mean 6 SD
All patients 29 (100)
Age, years 42 616.4
Males 15 (51.7)
Females 14 (48.3)
Weight 70.3 6 14.8
Preoperative MAP, mm Hg (n ¼ 22)a 88.9 6 9.6
Preoperative SBP, mm Hg (n ¼ 22)a 128.3 6 15.8
Preoperative DBP, mm Hg (n ¼ 22)a 69.2 6 10.5
Comorbidities
Coronary artery disease 2 (6.9)
Hypertension 26 (89.7)
Recent stroke 2 (6.9)
Dyslipidemia 7 (24.1)
COPD 3 (10.3)
Diabetes 2 (6.9)
Smoking history 9 (31)
Prior cardiac surgery 6 (20.7)
Prior aortic surgery 13 (44.8)
Aortic valve disease 8 (27.6)
PAD 5 (17.2)
Preoperative GFR <50 mL/min/1.73 m2 4 (13.8)
Associated anomalies
Aortic aneurysm 22 (75.8)
Aneurysm size, cm 4.8 6 1.8
Bicuspid aortic valve 14 (48.3)
VSD 1 (3.4)
ASD 1 (3.4)
PDA 2 (6.9)
Ductus diverticulum 2 (6.9)
Double aortic arch 2 (6.9)
Aberrant RSCA 1 (3.4)
Intracranial aneurysm 3 (10.3)
Anomalous circumﬂex artery 1 (3.4)
Turner syndrome 1 (3.4)
Systemic lupus 1 (3.4)
Moyamoya/neuroﬁbromatosis 1 (3.4)
Presentation
Asymptomatic 10 (34.5)
Claudication/limb pain 9 (31)
Limb neurologic deﬁcits 7 (24.1)
Decreased lower limb pulses 2 (6.9)
Chest pain 12 (41.4)
Dyspnea 9 (31)
Palpitations 7 (24.1)
Fatigue 5 (17.2)
Headache 5 (17.2)
Recent stroke 2 (6.9)
Abdominal pain 2 (6.9)
Back pain 3 (10.3)
Vertigo/dizziness 4 (13.8)
ASD, Atrial septal defect; COPD, chronic obstructive pulmonary disease;
DBP, diastolic blood pressure; GFR, estimated glomerular ﬁltration rate;
MAP, mean arterial pressure; PAD, peripheral arterial disease; PDA, patent
ductus arteriosus; RSCA, right subclavian artery; SBP, systolic blood pres-
sure; SD, standard deviation; VSD, ventricular septal defect.
aData not available for all patients.
Table II. Operative data and outcomes
Characteristic N ¼ 29, No. (%)
Location of coarctation
Postductal 19 (65.5)
Juxtaductal 8 (27.6)
Abdominal aorta 2 (6.9)
Intraoperative adjuncts
Aortic clamp time, minutes (n ¼ 28)a 49.6 6 37.9
Pump/bypass time, minutes (n ¼ 26)b 66.2 6 55.8
Distal aortic perfusion 23 (79.3)
CSF drain 26 (89.7)
EEG monitoring 25 (86.2)
SSEP monitoring 21 (72.4)
Intraoperative changes 2 (9.5)
MEP monitoring 17 (58.6)
Intraoperative changes 7 (41.2)
Operative procedures
Primary CoA repair 20
RIPG 18
Aortoaortic bypass 2
Redo CoA repair with RIPG 9 (31.0)
Concomitant procedures
Asc/arch repair 4
PDA ligation 2
Intercostal artery aneurysm repair 4
Subclavian artery aneurysm repair 4
Complications
Stroke 0 (0)
Recurrent laryngeal nerve injury 1 (3.4)
Bleeding 1 (3.4)
GI (nausea, abdominal pain, ileus) 6 (20.7)
Acute renal insufﬁciencyc 6 (20.7)
Risk 3
Injury 2
Failure 1
Respiratory 12 (41.4)
Chylothorax 3 (10.3)
Atrial ﬁbrillation 3 (10.3)
Pericarditis 1 (3.4)
Outcomes
Mortality in follow-up 3 (10.3)
Aortic reintervention 3 (10.3)
Length of ICU stay, days
Mean 6 SD 5.1 6 4.9
Median (range) 3 (1-23)
Length of hospital stay, days
Mean 6 SD 11.7 6 5.0
Median (range) 10 (6-27)
MAP at discharge, mm Hg (n ¼ 21)c 90.7 6 14.3
SBP at discharge, mm Hg (n ¼ 21)c 127.7 6 24.5
DBP at discharge, mm Hg (n ¼ 21)c 72.2 6 11.6
Follow-up, years
Mean 6 SD 7.5 6 4.4
Median (range) 6.8 (1.7-16.8)
Overall survival 89.4%
Survival at 1 year 100%
Survival at 2 years 96.6%
Survival at 3 years 89.4%
Asc, Ascending aorta; CoA, coarctation of aorta; CSF, cerebrospinal ﬂuid;
DBP, diastolic blood pressure; EEG, electroencephalography; GI, gastro-
intestinal; ICU, intensive care unit; MAP, mean arterial pressure; MEP,
motor evoked potentials; PDA, patent ductus arteriosus; RIPG, resection
and interposition graft; SBP, systolic blood pressure; SD, standard deviation;
SSEP, somatosensory evoked potentials.
aData not available for one patient.
bPump/bypass not used for three patients.
cData not available for eight patients.
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fantile aortic coarctation is mandatory.10
Adults typically present with complications of upper
body hypertension, such as left ventricular dysfunction,
Fig 7. Survival curve for adult patients after open surgical coarc-
tation repair.
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headaches, as well as leg claudication and lower extremity
pulse deﬁcits.11 Untreated, the natural history of CoA is
usually death by the ﬁfth decade due to hypertensive com-
plications.12 Pressure gradients >20 mm Hg across the
CoA segment, presence of left ventricular hypertrophy,
aneurysm, and poor hypertension control are indications
for repair.13,14
Several open techniques of adult CoA repair have been
described, including patch aortoplasty, resection with end-
to-end anastomosis (REE), extra-anatomic bypass, and
RIPG. Bouchart et al described 35 patients, most with
REE.15 Duara et al had 46 open repair cases with 27
REE and 13 RIPG.16 Roselli compared 60 endovascular
repairs with 40 open repairs with a variety of techniques
including two REE, two patch aortoplasty, 16 RIPG, and
20 extra-anatomic repairs.17 Like other authors,15-19 we
report low perioperative major morbidity and no repair-
related mortality. Our preferred technique of open repair
in adults, especially with aneurysm, is with RIPG (93%).
The reason for our general adoption of this technique is
the prevalence of aneurysm in our patients. Other tech-
niques, such as REE, patch aortoplasty, and extra-
anatomic bypass, are not appropriate for aneurysm patients.
Endovascular repair with balloon angioplasty and stent-
ing is a reasonable alternative to open repair in selected pa-
tients without aneurysm. Balloon angioplasty has high
initial success rates (>80%) but is complicated by restenosis
in 15% of patients3 and aneurysm formation in 5% to
35%.4,5,20 Aortic rupture and dissection are uncommon
but potentially devastating complications. Stenting can
reduce the restenosis rate to <10%,6 but aneurysm forma-
tion is still a risk.5,7 In one review, the mean risk of reste-
nosis after stenting was 11% compared with 2% with
open surgery (odds ratio, 6.0; P ¼ .04).8 In a single-
center series, aortic reintervention for restenosis was 12%
with stenting and 5% with open surgery.17 Stent migration
and other procedural complications occur in 4% to 20%.21
Covered stents can be used in cases of focal dissection or
short aneurysm, with complication and reintervention rates
similar to those of bare metal stents.21,22 Pre-existinganeurysm is a relative contraindication to balloon angio-
plasty or bare metal stenting and was present in 76% of
our patients. Many patients are poor endovascular candi-
dates because of anatomy or patient preference. In such
cases, open repair remains a safe and durable option in
aortic centers of excellence.
Although ours is one of the largest series of RIPG in
adults, there are insufﬁcient data to properly compare
different repair techniques, especially in patients with aneu-
rysm. A limitation of our study is that long-term hyperten-
sive control rates and postoperative aortic gradients were
not usually available because of the nature of our referral
practice. In the literature, hypertension is cured in less
than 50% of adult patients.23 Nevertheless, no patient in
our series had restenosis on follow-up imaging or required
reintervention in the repaired aortic segment. Overall long-
term survival was excellent.
CONCLUSIONS
Open repair of adult aortic coarctation with aneurysm
by RIPG placement for both native and recurrent disease
had acceptable major morbidity, no paraplegia, no periop-
erative mortality, and excellent long-term durability. Over-
all survival was 89%, with no patient requiring aortic
reintervention for restenosis or pseudoaneurysm.
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